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The Robinson instability problemI is developed in three stages.
The first step is to derive the synchrotron oscillation equations in the abscence of beam loading (unloaded case).
Next, the equations are evaluated in the presence of beam loading at the fundamental rf frequency (statically loaded case). Finally, the system is redeveloped taking into account beam loading at the synchrotron sidebands (dynamically loaded case).
Following the theoretical development, the results are applied to calculate the synchrotron frequency in the presence of beam-loading, automatic-gain-control, and automatic-tune-control. 
Since n is poistive, stability of the oscillations requires that 0018-9499/85/1000-2525$01 .00© 1985 IEEE sin(w ) > 0 or 0 < 4)s < 71. (25) where a, the amplitude of the phase oscillation, is an infintesimal and a is a growth rate to be determined along with ws.
The voltage in the cavity is 
Statically Loaded Case
This case is illustrated in fig. 2 . to be the impedance through which the current contributes to the fields in the cavity, the phase of ZO is def ined as
Im(ln(Z)).
Soley for the purpose of drawing fig. 2 
Neglecting the second term on the left hand side of eq. 34 leads to an underestimate of the synchrotron frequency. Consequently, calculation of the beam current required to shift the synchrotron frequency to zero, neglecting this term, yields a conservative estimate of the maximum allowable current. This results in the second of Robinson's stability criteria. Clearly, there is little agreement between data and calculation other than the sign of the slope. Great uncertainty exists in the interpretation of the data as well as values of constants in the calculation. Also no estimate of the affects of higher-order-modes has been made.
Further experimental measurements are planned including the region of parameter space where ws decreases with increasing beam current.
